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NEW APPROACH TO EVALUATE THE EXIT DOSE QUALITY
FOR HIGH RADIOPROTECTION AND RADIOTHERAPY EFFICIENCY

For safety and radioprotection reasons in radiotherapy treatment, the exit dose is evaluated with irradiation field size
and photon beam energy. The objective of this study is to introduce an empirical law for predicting the delivered dose at
the other side of patient while radiotherapy treatment of cancer. In this study, the exit dose is the delivered dose out of
the phantom on beam central axis. The measurements of percentage depth dose were done as a function of irradiation
field size with an uncertainty of 2% as recommended by IAEA protocols for two photon beam energies
6 and 18 MV. For high radioprotection quality inside radiotherapy department, an empirical law is elaborated with a
reliability of 97 %. Thereafter, it consists a basic law that should be used theoretically to know the delivered dose
variation with field size at the exit dose point for knowing the behavior of dose outside of radiotherapy treatment

region. The medical physicists and physicians should take this law in radiotherapy treatment of the cancer.
Keywords: dose build-up, radiotherapy, photon beam, dosimetry, radiotherapy quality.

1. Introduction

Now, the radiotherapy is an essential technique
of the treatment of cancer over the world.
Maintaining and improving the quality and safety of
radiotherapy involves many activities, which overlap
in many levels in the technological development of
medical equipment and in the facility in use [1]. The
quality of radiotherapy treatment consists to use the
radiation in diagnostic and in therapy by as low as
possible of risks for patients and staff. The exit dose
is undesirable delivered dose that should be
managed adequately. The questions should be put in
this contest, how this delivered dose varies with
irradiation field size for both photon beam energies
of 6 and 18 MV?

Technical quality improvement for reducing the
exit dose can be seen in a context of the quality
management for patients and staff protection.
Towards safer radiotherapy, many researches are
done previously in many institutes over Great
Britain [2]. In the contest to best production of the
radiation by Linac, many studies are done to
improve its use. For increasing the radiotherapy
efficiency, some works are carried out on the
isotopes production for brachytherapy [3]. Others
however are carried out on the beam filtration
system quality for external photon radiotherapy [4,
5] and the removing flattening filter from Linac head
configuration to improve its technology [6, 7]. The

material and geometry of flattening filter and the
quality of photon beam for high radiotherapy
efficiency are analyzed in our studies [8 - 10].

The quality assurances (QA) are many conditions
which should be verified for using the radiation in
treatment and imaging with high efficiency for
patients and in safer manner for patients and staff.
They are elaborated by many international instances
as IAEA, ICRU and AAPM [11]. The goal of QA
program for linear accelerators is to assure that the
machine does not deviate significantly from their
baseline values acquired while the acceptance
commissioning [12]. The Linac is used for radio-
therapy treatment after completion of some satis-
factory scientific methods called as pre-commis-
sioning testing based on many dosimetry investi-
gations for using this machine in the cancer treatment
with high radiotherapy quality. The process of
commissioning of the Linac for clinical use includes
comprehensive measurements of dosimetric parame-
ters that are necessary to validate the treatment
planning system (TPS) which is used for selecting the
optimal radiation modality and treatment technique
for individual patients. Safer radiotherapy is a goal for
all international instances and all researchers over the
world.

The knowledge of the delivered dose behavior
outside water phantom in dependence on irradiation
field size and photon beam energy is essential for
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safer radiotherapy and for high radioprotection
guality. The exit dose is a part of the percentage
depth dose (PDD), which should be measured for
many field sizes and for many photon beam energies
for checking out the delivered dose quality and
radioprotection. In the present work, the PDDs are
measured for two photon beam energies 6 and
18 MV, which are produced by Varian Clinac 2100
with source-to-surface distance of 100 cm.

In this study, we discuss the exit dose as
delivered dose at the last point of phantom water in
the Z-axis. We have worked on the exit dose with
photon beam energy and with irradiation field size
by introducing an empirical law to evaluate the exit
dose with field size for predicting the delivered dose
at the contact point between water phantom and the
outside region. This study could be a basic analysis
for radioprotection and to reinforce the QA in
radiotherapy department.

2. Materials and methods
2.1. Dose measurements

The PDDs are measured using a motorized
scanning system (PTW ionization chamber) for many
irradiation field sizes. The uncertainty of measu-
rements is less than 2 % as recommended by the Swiss

Society of Radiobiology and Medical Physics SSRMP
[13]. The source to surface distance (SSD) is fixed at
100 cm for all measurements of PDD.

The uncertainty of PDD measurements includes
the uncertainty of experimentation and also the
uncertainty of measurement device and it was 2 %.
The water is pure water that was put in a tank of
volume of 40 x 40 x 30 cm®.

2.2. PDD function presentation

The PDD is a parameter recommended by IAEA
for evaluating the quality of radiation beam for
clinical usage [14, 15]. The PDD was determined
according to the following formula:

D(A; d; E;SSD)
D(A; d,..; E; SSD)

max ?

1100, (1)

PDD(A,; d; E; SSD)=

where D — measured dose; A — irradiation field size;
E — photon beam energy; d — depth in water phan-
tom; dmax — depth of dose maximum; SSD — source
to surface distance.

The PDD curve is presented in Fig.1 as a
function of depth for the photon beam energy of
6 MV, for the irradiation field size of 10 x 10 cm?
and for the SSD of 100 cm.

T~

| Exponential decay region
i \ / p y reg

Exit dose point
\

120
i i Build-up region
<
80 LA
=3 |
a )
a 60 :
o |
40 %\
20 i i N\
i 1+ Electronic equilibrium region
0 45—
0 50 100

150 200 250 300 350
Depth, mm

Fig. 1. PDD variation as a function of depth in water phantom.

The PDD curve is formed by three regions: dose
build-up region, electronic equilibrium region and
exponential decay region with exit dose point in the
PDD curve (see Fig.1). In this study, we are
interested in the exit dose point that is at 30 cm for
all irradiation field sizes and for both photon beam
energies 6 and 18 MV.

2.3. Exit dose study

For studying the exit dose, we have introduced
the exit dose rate (EDR) and we have also elaborated
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an empirical law for prediction of the dose variation
at exit dose point. The exit dose rate is determined as
a quotient of PDD at exit dose point to side of square
field. For high radiation protection quality, we have
established an empirical law for EDR calculation
with field size.

For evaluating the efficiency of EDR we estimate
the difference between the EDR and measurements.
We have called this difference by error and it is
expressed in percentage according to Eq. 2
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EDR — Measurement
Error (%) =100- ( ) 2
Measurement

3. Results and discussion

This study is based on experimental data
measured in radiotherapy department of Al Kawtar
clinic center; photon beams are produced by linear

size.

accelerator Varian Clinac 2100.

3.1. PDD inside dose build-up region

The PDDs are measured as a function of field
Fig.2 shows the PDD variation inside
irradiation field size with depth in water phantom for
photon beam energy of 6 MV.
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Fig. 2. PDD of 6 MV photon beam energy as a function of depth for different field sizes.

The exit dose of 6 MV photon beam energy
increased with field size (see Fig. 2). At the exit
dose point (just outside of water phantom), the
delivered dose increased with field size. For high
radioprotection quality inside the radiotherapy
department, this dose should be taken to protect

patient and staff. This delivered dose is the highest
dose at the exit dose point and it is the maximum
dose for the surrounding volume of water phantom
for an irradiation field size.

Fig. 3 shows the exit PDDs variation with depth
for 18 MV photon beam energy.
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Fig. 3. PDD of 18 MV photon beam energy as a function of depth for different field sizes.

In Fig. 3, we observe the same behavior as in
Fig. 2 and the difference between them is that the
delivered dose is higher for 18 MV than the

delivered dose for 6 MV. Fig. 4 gives the exit dose
variation as a function of field size for both photon
beam energies 6 and 18 MV.
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Fig. 4. Exit dose variation as a function of side of square field.

It can be seen from Fig. 4 that exit dose for 18 MV
is higher than the exit dose for 6 MV. The exit dose
varies linearly with field size for both photon beam
energies. The slope of the variation line for 18 MV is
lower than the slope of the variation line for 6 MV.
The question could be put is how the exit dose varies
with field size for both photon beam energies. For this

reason, the exit dose rate is introduced.

3.2. Exit dose rate

Fig. 5 shows the exit dose rate variation as a
function of irradiation field size for both photon
beam energies 6 and 18 MV.
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Fig. 5. Exit dose rate variation as a function of side of square field.

It can be seen from Fig. 5 that the exit dose rate
decreased with field size for both photon beam
energies 6 and 18 MV. The exit dose rate of photon
energy of 18 MV is above of the exit dose rate of
6 MV. To predict the exit dose rate for
radioprotection quality inside the radiotherapy
treatment, the empirical law is given in the following
equation:

EDR =(1.3-E+7.5) A %0507, ©)

where E — photon beam energy (MV); A — side of
square field of irradiation (cm).

ISSN 1818-331X SAJAEPHA ®I3UKA TA EHEPTETHUKA 2018 T.19 Ne 4

Fig. 6 shows the exit dose rate variation
determined by this empirical law and compared to
measurements for both photon beam energies 6 and
18 MV.

The introduced empirical law reproduces the exit
dose rate in dependence on field size with an error
under 3 % for both photon beam energies 6 and 6
MV (see Fig.6). The EDR gives a basic law for
reinforcing the radioprotection quality inside the
radiotherapy treatment room and this law is reliable
by 97 % as shown in Fig. 6.
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Fig. 6. Empirical law and the associated error as a function of side of square field.

4. Conclusion

This work is an experimental study of exit dose
variation with photon beam energy and with
irradiation field size. We have evaluated the
delivered dose at exit point on PDD curves for both
phantom beam energies 6 and 18 MV. The predict-
tion of delivered dose outside patient is very
important to protect the patient while radiotherapy
treatment and also the radiotherapy staff. To
reinforce the radioprotection inside radiotherapy
treatment room, an empirical law is introduced for
evaluating the maximum dose outside water
phantom. This empirical law reproduces the
measurements with an error under 3 %, so it is the
most reliable and can be a basic law that should be

used theoretically to know the delivered dose
variation with field size at the exit point of PDDs.

This study could increase the radiotherapy
efficiency and to reinforce the radioprotection quality
in radiotherapy department for photon beam while
patient be treated by radiation. For more accuracy of
this empirical law, many Monte Carlo studies will do
on photon beam energies of 6 and 18 MV [16].
Previously, we have studied the photon beam quality
based on the PDD fragmentation [17].

The authors would like to thank Varian Medical
Systems to provide us the Varian Clinac 2100
geometry data and give us this opportunity to study
the Varian linear accelerator technology and to
participate in its future development.
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HOBMM IIIXII JJISI ONIHIOBAHHS IKOCTI BUXIJTHOI 103U
JJISL HAJIIMHOTI'O 3AXHUCTY BIJ] PAJIAIIL TA EOEKTUBHOI PAJIIOTEPAIIII

Jis Ge3nexu Ta 3aXHMCTy Bil pafiamii mpyu MpOMEHEBiH Teparii BUXigHY 03y OIHIOIOTH 3 YpPaxyBaHHSIM po3Mipy
IOJIS1 ONIPOMIHEHHS Ta eHepril POTOHHOTrO MyyKa. MeTOr JaHOro AOCIIIKEHHS € (OPMYITFOBAaHHS EMITIPUYHOTO 3aKOHY
JUIS IPOTHO3YBaHHS JI03M, AOCTABJIECHOI Ha MPOTHJICKHHMH OIK MalieHTa IiJ 4ac IpoMeHeBoi Tepamii paky. Y Ibomy
JIOCJIJIKCHHI BUXIJTHA JT03a € 703010 Ha BUXOJIi 3 (haHTOMA Ha IICHTPaJIbHIN Oci myuka. BijcoTkoBa rimOuHHA J103a Oyiia
BUMIpsiHa SIK (PyHKIIS pO3Mipy MOJSL ONMPOMIHEHHS 3 HEBH3HAYEHICTIO 2 %, SK € PEKOMEH/IO0BAHO IPOTOKOJIaMHU
MATATE mns nBox eHepriit poToHHOTO mydka 6 Ta 18 MB. [l 3a0e3medeHHs1 BUCOKOI SIKOCTi 3aXUCTY Bif pafiamii y
BiJILTI TIpOMEHEBO Teparii OyJi0 3HAWAEHO eMITIPUYHY 3aKOHOMIpPHICTB, III0 BUKOHY€EThCS 3 AOCTOBipHICTIO 97 %. Lle
OCHOBHHI 3aKOH, SIKHI CIIiJi BUKOPUCTOBYBATH JUIsl OOYMCIICHHS Bapiallii BEJIMUMHU J03U 3aJIEKHO BiJl pO3Mipy MoJs
OIIPOMIHEHHSI B Touli il BUXONy, LIO Ja€ 3MOTY OLIHUTH JI03y 32 MEXaMH 00JacTi ONpPOMIHEHHS NpW pajioTeparii.
MenuuHuM Qi3uKaM i JiKapsiM peKOMEH/I0BaHO BUKOPHCTOBYBATH 1iel 3aKOH y TPOMEHEBIH Tepartii paxy.

Kniouosi cnosa: HakoWYeHHS [03W, NMPOMEHEBA Teparisi, (OTOHHMH ITy4OK, NO3UMETpis, SKICTh MPOMEHEBOI
Teparii.
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HOBBI/ MOAXO/ /Il OUEHKU KAYECTBA BBIXOJHO# 103bl
JUIST HAJIE’KHOII 3AIIIATHI OT PATUALINH U D®PEKTUBHOI PAIMOTEPAIINN

Jlyist 6e30MacHOCTH M 3alUTHI OT PaJHalliH PU JYYSBOW TEPAITUH BBIXOIHYIO 03y OICHHBAIOT C YYETOM pa3mepa
nons oOmyueHust ¥ dSHepruu QoronHoro myudka. llenplo JaHHOrO wHccienoBaHus sBisieTcss (GopMynupoBaHue
SMIIMPUYECKOTO 3aKOHA JUIS MPOTHO3UPOBAHUS J103bI, JJOCTABIEHHON HA NPOTHBOIOJIOKHYIO CTOPOHY MalMEeHTa BO
BpeMs JIydeBOH Tepanmuu paka. B 3ToM mccienoBaHMM BBIXOAHAS 1032 paBHAa JI03€ Ha BBIXOJE W3 (aHTOMa HA
LeHTpaNbHOW och mydka. [IpormeHTHas riryOnHHas mo3a ObDIa M3MEpeHa Kak (YHKIOWS pa3Mepa MOoJs OONydeHHs C
HEOMpeIeNeHHOCThI0 2 %, KaKk 3TO pekoMeH10BaHO mpoTtokonamMu MATATD s qByX sHepruil (OTOHHOTO Imyuka 6 u
18 MB. [lns oOecrieueHnsi BBICOKOTO KayecTBa 3alllUThl OT pajdalldi B OT/ENE JIyueBOW Tepanuu ObUla HaiJeHa
SMIIMPUYECKasl 3aKOHOMEPHOCTb, KOTOpasi BBIMOJIHIETCS C JIOCTOBEPHOCTBIO 97 %. DTO OCHOBHOH 3aKOH, KOTODBIN
CJIe/TyeT WCIIOJIB30BaTh JUIsl BBIYMCICHHUS BapHallM{ BEIWYMHBI O3Bl B 3aBUCHMOCTH OT pa3Mepa HoJisi OOJIydeHHs B
TOYKE €€ BBIX0JIa, UTO MTO3BOJISIET OIEHHUTH 03y 32 MpeaeaaMy 00J1acTH 00Iy4eHHs IpU paanoTepanui. MequunHCKAM
(U3MKaM M JOKTOpPaM PEKOMEHIOBAHO MCIIOJIb30BATh 3TOT 3aKOH B JIy4EBOH Tepanuy paka.

Knrouesvie crosa: HakoIUleHHE HO03bI, JiydeBas Tepamus, (OTOHHBIM ITy4OK, MO3UMETpPHs, KayeCTBO JIy4eBOIi
Tepanuu.
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